ABSTRACT -The present study tested brown propolis in crude or extract form as a feed supplement for feedlot lambs to identify the type that most improves in vivo nutrient digestibility. Digestibility was assessed by both total fecal collection and internal markers and the results obtained by these techniques were compared. The completely randomized design was used to compare feed intake and nutrient digestibility of 24 male lambs aged seven months among four dietary treatments (crude brown propolis, propolis ethanol extract, monensin sodium, and control). Methods of feces collection were compared using a completely randomized split-plot design, with experimental diets corresponding to the main factor and the methods to estimate fecal production as the sub-factor. The diets had a roughage:concentrate ratio of 50:50, with Tifton-85 bermudagrass hay (Cynodon spp.) as roughage, and ground corn, soybean meal and minerals as concentrate. The lambs fed diets with crude propolis had higher feed intake than those fed diets containing monensin sodium. The different diets did not affect dry matter, organic matter, crude protein, neutral detergent fiber, or acid detergent fiber digestibility, but crude propolis supplementation provided higher ether extract digestibility than monensin sodium. Nutrient digestibility, as indicated by indigestible neutral detergent fiber, indigestible acid detergent fiber and sequentially-determined indigestible acid detergent fiber, was lower than that found with the fecal collection method. The addition of brown propolis has the same effect as monensin, but neither maximized nutrient availability in the diet of feedlot lambs at 7 months of age. Digestibility assessment using the internal markers indigestible neutral detergent fiber, indigestible acid detergent fiber and sequentially-determined indigestible acid detergent fiber is not an efficient method compared with total feces collection.
Introduction
Ionophores inhibit the growth of Gram-positive bacteria, thereby altering short-chain fatty acid concentrations (i.e., increasing propionate and reducing methane production) and improving the energetic efficiency of ruminal fermentation (Nagajara and Taylor, 1987; NRC, 2000) . However, the possibility of developing bacterial resistance against ionophores such as monensin is considered a threat to human health in many countries (Ríspoli et al., 2009) , and investigations of compounds that can replace ionophores have been carried out.
One alternative to ionophore use for ruminant treatment is propolis administration (Ozturk et al., 2010; Ítavo et al., 2011a) . Propolis, which contains flavonoids, phenolic acids, esters, phenolic aldehydes and ketones (Fernandes Júnior et al., 2006; Funari and Ferro, 2006) , exerts a bacteriostatic activity on Gram-positive and certain Gram-negative bacteria. According to Mirzoeva et al. (1997) , propolis likely changes the bionergetic status of bacteria membranes and inhibits their motility, a behavior that resembles the ionophore activity.
Propolis composition is affected by the flower species visited by bees during flowering (Ghisalberti, 1979) . Thus, the sensitivity of microorganisms to propolis varies according to the composition and antimicrobial potential of this substance (Choi et al., 2006) . In vitro (Stradiotti Jr. et al., 2004a; Stradiotti Jr. et al., 2004b) and in vivo assays (Ítavo et al., 2011a; Ítavo et al., 2011b) have demonstrated the positive effect of including ethanol extract of propolis (EEP) in ruminant diets. Nevertheless, these results are not consistent, likely because the propolis samples tested were not chemically characterized and methodological aspects such as the amount of propolis provided and administration procedures were not standardized (Stelzer et al., 2009 ). Other studies must therefore be conducted to further investigate this issue.
The present study evaluated brown propolis, crude or in extract form, as a dietary supplement for feedlot lambs, to identify its effect on in vivo nutrient digestibility in ruminants and the propolis form that best suits to this purpose. To that end, feed intake and nutrient digestibility were determined by total fecal collection and internal markers, and both methods were compared. The results obtained were compared to determine the most reliable method for digestibility assessment.
Material and Methods
The experiment was carried out at Universidade Federal de Mato Grosso do Sul, Campo Grande, MS, Brazil, between April and June 2010, having been approved by the Ethics Committee for Use of Animal in Experiments (no. 218/2009).
The experiment lasted 56 days and was divided into four 14-day periods. Twenty four castrated Texel crossbred male lambs at 7 months of age and 24.5±2.9 kg of body weight were used in this trial. Animals were housed in individual 3 m² pens provided with a wood lath floor, feeder, and water drinkers. For parasite control, lambs received anthelmintic medication at the beginning of the experiment and underwent parasitic load control using the FEC (fecal egg count per gram) test. When FEC was ≥500, a second anthelmintic dose was administered.
Ground Tifton 85 (Cynodon spp.) hay chopped to 5 mm length was used as roughage feed at a forage:concentrate ratio of 50:50 on a dry matter (DM) basis (Table 1) .
The lambs received one of four dietary treatments consisting of the basal diet without any supplement (control); with addition of 0.1 g/kg of DM of crude brown propolis; 15 mL/kg of DM of brown propolis extract (Ítavo et al., 2011a) ; and 31.8 mg/kg of DM of monensin sodium (NRC, 2007) . The additives were included in the diet only at feeding time. Propolis extract was sprayed over the feed.
Brown propolis was obtained from an apiary where the bees visited alecrim-do-campo (Baccharis dracunculifolia) and assa-peixe (Vernonia polyanthes) flowers.
Crude propolis was ground in a knife mill with 5-mm mesh sieve. Propolis extract was prepared according to Stradiotti et al. (2004a) by infusing 30 g of crude propolis in 100 mL of 70 v/v ethanol solution (prepared with grain alcohol) for 10 days, followed by supernatant removal. Crude propolis and propolis extract were kept cool (−20 ºC) and protected from light.
Crude propolis was analyzed for dry matter (WHO, 1998 ), ash (WHO, 1998 , methanol-insoluble residues (Brasil, 2001) , wax (Brasil, 2001) , dry residues (methanesoluble solids) (European Pharmacopoeia, 2002) , flavonoids (Woisky and Salantino, 1998) , and total phenols (AOAC, 1997). Propolis extract was analyzed for concentrations of dry material, flavonoids and phenols content ( Table 2 ). The flavonoids and total phenols were measured by colorimetry with quercetin and gallic acid as standards, respectively.
The animals were fed twice daily (08.00 h and 16.00 h), in excess, to allow nearly 50 to 100 g refusals (orts)/kg DM offered. The leftovers were quantified daily and collected for sampling. Total feces were collected in collection bags for 48 h on the seventh day of each period, with manual collector emptying before the animals were fed. Feces were homogenized and 100 g/kg were separated to form a composite integrate sample.
For indirect determination of fecal production (using internal markers), feces were collected twice daily (08.00 h and 16.00 h) directly from the rectum of lambs for 48 h on the same days as total feces collection.
The internal markers evaluated were indigestible neutral detergent fiber (iNDF), indigestible acid detergent fiber (iADF) and sequentially-determined indigestible acid detergent fiber (iADFSeq). These were determined using in situ incubation for 144 h (Berchielli et al., 2000) in two castrated male bulls with a cannula implanted in the rumen. One gram of feces, feed and leftover samples ground and sieved to 2 mm size was placed in 5 × 5 cm nonwoven fabric bags with 100 µm porosity. Fiber content was determined using a Tecnal ® TE-149 fiber analyzer (Tecnal, Piracicaba, Brazil). After incubation, the bags were removed from the rumen, washed with water and dried in a forced ventilation oven at 55 °C. Fiber content was determined by submerging the bags in neutral detergent solution (Van Soest et al., 1991) without thermostable amylase and sodium sulfite.
For chemical analyses, feed, leftovers and feces were dried in a forced-ventilation oven at 55 °C for 96 h and ground in a knife mill coupled to a 1 mm mesh screen. Analyses were performed according to AOAC (2000) method 930.15 for dry matter (DM), 932.05 for organic matter (OM), 976.05 for crude protein (CP) and 920.39 for ether extract (EE) determination. Neutral detergent fiber (NDF) and acid detergent fiber (ADF) levels were determined according to Van Soest et al. (1991) , without the use of sulfite and thermostable amylase.
To evaluate feed additives, treatments were arranged in a completely randomized design with 6 replicates per treatment. The statistical model used was:
Y ij = µ + A i + ε ij , in which: Y ij = j-th observation of additive i; µ = overall constant; A i = additive effect on diet i, with i = 1, 2, 3, and 4; and ε ij = random error for each observation Y ij . Data were evaluated using analysis of variance and means were compared by Tukey's test at a significance level of 0.05.
To estimate fecal output, the completely randomized design was subdivided into plots, with experimental diets corresponding to the main factor and the methods to estimate fecal production as the sub-factor. The statistical model used was:
in which: Y ijk = j-th observation of the additive i; µ = overall constant; A i = additive effect on diet i, with I = 1, 2, 3, and 4; B j = effect of method j, with j = 1, 2, 3, and 4; AB ij = interaction between treatment i and method j; and ε ijk = random error for each observation Y ijk . Means were compared using Dunnett's test at a significance level of 0.05. The method of total feces collection was used for control.
Results
Nutrient intake and metabolizable energy were higher in lambs fed crude propolis than those receiving monensin sodium. The animals fed diets with propolis extract had intermediate intake, similar to that of lambs fed monensin sodium. Dry matter (g/kg LW), EE, ADF and NDF intakes were not affected by additives.
The additives did not affect DM (0.74), OM (0.76), CP (0.72), NDF (0.66) and ADF (0.61) digestibility and metabolizable energy of the diets (Table 4) . However, EE digestibility was higher for animals receiving crude propolis (0.78) than for those receiving dietary monensin sodium (0.68) ( Table 4) .
A comparison of digestibility assessment methods showed that all internal markers overestimated fecal DM excretion, with values higher than the 548.74 g/day determined by total feces collection. As a consequence, these internal markers also underestimated nutrient digestibility (Table 5) .
Discussion
Lambs fed diets with crude brown propolis exhibited the highest voluntary DM, metabolizable energy and nutrient intakes, measured as a g/day and g/kg of LW 0.75 (Table 3) . Ítavo et al. (2011a) found that lambs receiving 15 mL of green propolis daily had higher feed intake than those receiving monensin. The lower intake observed for the animals fed monensin may be related to a possible reduction in rumen motility (Deswysen et al., 1987) , improvement in feed efficiency (Salles et al., 2008) , or higher levels of propionate production (Aderinboye et al., 2012) . The high flavonoid content in propolis extract, which displays bactericidal activity in the ruminal microorganisms (Aguiar et al., 2013) , was the possible cause of the intermediate feed intake for this treatment. In the present study, because crude brown propolis had lower phenol and flavonoid concentrations than brown propolis extract, the highest feed intake by lambs fed diets with crude propolis was likely caused by wax concentration and methanol-insoluble residue (Table 2) . Lambs fed diets with brown propolis extract, however, had the same feed intake as those fed diets containing monensin sodium, corroborating the comparison between brown propolis extract and monensin sodium performed by Ítavo et al. (2011a) .
Other studies on ruminants have found no effect of propolis on nutrient intake in cattle fed dietary freeze-dried propolis extract (Prado et al., 2010) , dairy cattle receiving a daily dose of 64 mL of propolis extract (Freitas et al., 2009) , or dairy goats receiving 50 v/v propolis extract (in 70 v/v alcohol solution) at up to 12.0 mL/animal/day or ground crude propolis . The lower voluntary DM intake of animals receiving monensin corroborates other studies on feedlot lambs (Heydari et al., 2008) .
Dry matter digestibility ranged from 0.75 to 0.73 and was not affected by the dietary treatments (Table 4 ). The average DM digestibility (0.74) was higher than the 0.62 observed by Ítavo et al. (2011b) in a metabolic assay involving lambs receiving diets with a 50:50 roughage:concentrate ratio and with inclusion of green propolis extract. This difference may be a result of roughage quality since Tifton-grass hay is better than the brachiaria grass MG5 (Brachiaria brizantha cv. MG5) used by Ítavo et al. (2011b) .
Corroborating the present study, Stelzer et al. (2009) found that the daily inclusion of 34 mL of propolis extract in dairy cattle with a 60:40 roughage:concentrate ratio does not affect the digestibility of DM and other nutrients (CP, EE, NDF, total carbohydrates, non-fibrous carbohydrates).
Despite these results, Prado et al. (2010) recorded a reduction in DM, OM, NDF and ADF digestibility in cattle diets with a 72.5:27.5 roughage:concentrate ratio, with FDME -fecal dry mater excretion; DMD -dry matter digestibility; OMD -organic matter digestibility; CPD -crude protein digestibility; NDFD -neutral detergent fiber digestibility; ADFD -acid detergent fiber digestibility; EED -ether extract digestibility; ME -metabolizable energy. TFC -total feces collection; iNDF -indigestible neutral detergent fiber; iADF -indigestible acid detergent fiber; iADFSeq -sequentially determined indigestible acid detergent fiber; SEM -standard error of the mean. * Significantly different from results obtained by the total collection method by Dunnet's test (P<0.05).
inclusion of a daily dose of 2.0 g of freeze-dried propolis extract or monensin sodium per animal. This reduction is probably a result of the broad action spectrum of these products on ruminal microbes (fibrolytic bacteria), since the adopted diet had a high fiber content. Crude brown propolis promoted higher EE digestibility compared with monensin sodium (Table 4) . Oliveira et al. (2007) did not observe any effect of monensin sodium inclusion at 28 mg/kg DM in lamb diets with a 65:35 roughage:concentrate ratio. Prado et al. (2010) observed a reduction in EE digestibility in cattle supplemented daily with 2.0 g of freeze-dried propolis extract/animal and attributed this response to the inhibition of rumen-lipolytic microorganisms. Discrepancies between the results of the present study and those obtained by Prado et al. (2010) may be related to methodological differences and the amounts of propolis used.
The increase in EE digestibility may have been due to the rise in EE intake and better adaptation of ruminal microbiota to the substrate, especially Anaerovibrio lipolytica, a rumen bacterium. Lana et al. (2005) found that goat diet supplementation with 10 mL of propolis extract alone or combined with olive oil does not affect EE digestibility.
Assessment of DM and other nutrient digestibility using the different methods generated varied results. Compared with total feces collection, internal markers underestimated nutrient digestibility (Table 5 ). These findings were likely a consequence of overestimated fecal DM production by internal markers.
Other studies suggest that iNDF (Véras et al., 2005 ) and iADF (Alves et al., 2003) are reliable parameters for estimating lamb diet digestibility. However, in another study on lambs, Kozloski et al. (2009) observed that fecal recovery of internal indigestible DM and iNDF markers was not complete and varied considerably among assays. These authors suggest that digestion and/or partial absorption of the markers is a probable cause for this variation, along with physicochemical modifications throughout the digestive tract and deficiencies in analytical procedures.
Conclusions
Addition of brown propolis has the same effect as monensin, with neither of them maximizing nutrient availability in diets for feedlot lambs at 7 months of age.
Digestibility assessment using the internal markers indigestible neutral detergent fiber, indigestible acid detergent fiber, and sequentially-determined indigestible acid detergent fiber is not an efficient method compared with total feces collection.
